Clinical and epidemiological studies have shown that HDLs, a class of plasma lipoproteins, heterogeneous in size and density, have an atheroprotective role attributed, for years, to their capacity to promote the efflux of cholesterol from activated cholesterolloaded arterial macrophages. Recent studies, however, have recognized that the physical heterogeneity of HDLs is associated with multiple functions that involve both the protein and the lipid components of these particles. ApoA-I, quantitatively the major protein constituent, has an amphipathic structure suited for transport of lipids. It readily interacts with the ATP-binding cassette transporter ABCA1, the SR-B1 scavenger receptor; activates the enzyme lecithin-cholesterol acyl transferase (LCAT), which is critical for HDL maturation. It also has antioxidant and antiinflammatory properties, along with the HDL-associated enzymes paraoxonase, platelet activating factor acetylhydrolase (PAF), and glutathione peroxidase. Regarding the lipid moiety, an atheroprotective role has been recognized for lysosphingolipids, particularly sphingosine-1-phosphate (S1P). All of these atheroprotective functions are lost in the post-translational dependent dysfunctional plasma HDLs of subjects with systemic inflammation, coronary heart disease, diabetes, and chronic renal disease. The emerging notion that particle quality has more predictive power than quantity has stimulated further exploration of the HDL proteome, already revealing unsuspected pro-or antiatherogenic proteins/peptides associated with HDL. The high-density lipoproteins (HDLs) represent a class of lipid-and protein-containing particles heterogeneous in size and density. The term HDL originates from the classic studies of Gofman and colleagues (1), who made use of the analytical ultracentrifuge in a flotational mode to separate plasma lipoproteins according to their hydrated density, a function of the ratio between the protein and lipid components. Those seminal studies also recognized the presence in plasma of very-low-density lipoproteins (VLDLs) and low-density lipoproteins (LDLs), each exhibiting size and density heterogeneity. VLDLs, LDLs, and HDLs were also found to migrate in the pre-␤, ␤, and ␣-1 position, respectively, in an electrophoretic field. This review centers around human HDLs, having as a goal the bridging of old and current findings with an emphasis on apoA-I and apoA-II, the two main constitutive apolipoproteins of this class of lipoproteins in health and in some disease states.
The high-density lipoproteins (HDLs) represent a class of lipid-and protein-containing particles heterogeneous in size and density. The term HDL originates from the classic studies of Gofman and colleagues (1) , who made use of the analytical ultracentrifuge in a flotational mode to separate plasma lipoproteins according to their hydrated density, a function of the ratio between the protein and lipid components. Those seminal studies also recognized the presence in plasma of very-low-density lipoproteins (VLDLs) and low-density lipoproteins (LDLs), each exhibiting size and density heterogeneity. VLDLs, LDLs, and HDLs were also found to migrate in the pre-␤, ␤, and ␣-1 position, respectively, in an electrophoretic field. This review centers around human HDLs, having as a goal the bridging of old and current findings with an emphasis on apoA-I and apoA-II, the two main constitutive apolipoproteins of this class of lipoproteins in health and in some disease states.
STRUCTURAL STUDIES ON THE STEP FORMATION OF HDL IN VITRO

The role of delipidation techniques
Ultracentrifugation opened the way for studies on the physicochemical properties of HDL, including its lipid composition. However, it left unanswered the question regarding the protein moiety. Lipids posed an obstacle to protein analyses and initially a perception prevailed that organic solvents used for removing the lipids cause solubility problems in the delipidated proteins and irreversible structural changes. In the early 1950s a technique was developed by which the lipids from human serum could be extracted at -20°C using mixtures of ethanol and ethyl ether using a modified Soxhlet apparatus (2) (Fig. 1) . The resulting product proved to be soluble in aqueous buffers. Paper electropherograms stained with Sudan IV revealed the total absence of the ␣-1 migrating band and a residual faint band migrating in the ␤ position, indicating that LDL and HDL were the target of the delipidation procedure. Subsequently, when the same delipidation procedure was applied to LDL and HDL, following their ultracentrifugal isolation from plasma (3), the resulting apoHDL, but not apoLDL, was totally water-soluble and exhibited a single peak by free boundary electrophoresis ( Fig. 2) and a single sedimenting band in the analytical ultracentrifuge. Moreover, by optical rotatory dispersion (4), circular dichroism, and infrared spectroscopy (5, 6) , the high ␣ helical conformation in apoHDL was comparable to that in parent HDL. In addition, apoHDL, labeled by radioiodination, reassociated with the mother lipoprotein when incubated in vitro with either whole human serum or the HDL from which apoHDL was derived (7) . The studies that followed established that apoHDL is made of two proteins, now called apoA-I and apo-AII, and that apoA-II is a homodimer of two identical polypeptide chains linked together by a single disulfide bond in position 6 from the N terminus (for review, see ref. 8 ).
Relipidation studies
When either holo apoHDL or the isolated apoA-I and apoA-II were subjected to relipidation in systems where each product was sonicated in the presence of either purified phospholipid dispersions or mixtures of lipids extracted from HDL (9) , studies of the products obtained led to the notions that both apoA-I and apoA-II can readily undergo delipidation and relipidation, that apoA-I and apo A-II differ in their affinity for the HDL surface, and that apoA-II can displace apoA-I from the HDL surface (10, 11) .
STRUCTURAL STUDIES ON HUMAN APOA-I
Lipid-free apoA-I ApoA-I is synthesized as a preproprotein that undergoes proteolytic processing to form mature ApoA-I, which is essentially the only form present in plasma (12) ( Table 1) . It is a single-polypeptide chain of 243 amino acids that represents ϳ70% of the apoHDL by weight. From predictions of its secondary structure based on the knowledge of the amino acid sequence (13, 14) , apo A-I consists of amphipathic helices of repeating 11 or 22 amino acids separated by proline residues (15) . Experimental data at the air-water interface (16 -19) have shown unambiguously the high surface activity of apoA-I and its dependence on its amphipathic properties (20) also documented by spectroscopic studies (21) . Denaturation and ultracentrifugal studies indicated that apoA-I is asymmetric (22) and flexible with a tendency to self-associate into dimers, tetramers, and octamers (23) . The crystal structure of lipid-free apoA-I has been determined (24) , showing two main helical domains that consist of a four-helix antiparallel bundle in the first 75% of the N-terminal region, followed by a two-helix bundle in the C-terminal region.
ApoA-I in discoidal particles
ApoA-I can be partially relipidated in the presence of phospholipids either with or without cholesterol (25) . Most studies have dealt with particles containing two molecules of apoA-I and ϳ150 molecules of phospholipids having a hydrated diameter of 96 Å. Models of apoA-I in these discs have been proposed (for recent review, see ref. 26 ). The more widely accepted is the belt model described by Segrest et al. (27) where the amphipathic helices of apoA-I are wrapped around the circumference of the discoidal phospholipid bilayer with the helical axis perpendicular to the lipid acyl chains. Evidence for this model has come from structural analyses using polarized internal reflection infrared spectroscopy (28) and solid-state NMR (29) . The double-belt model and variations thereof appear to best apply when the discs contain two molecules of apoA-I (20, 27, 30) .
ApoA-I in spherical particles
Early reconstitution studies of apoA-I with HDL lipids showed that the process is kinetically controlled and requires the presence of apoA-I either as a monomer or as a dimer. In those studies the number of apoA-I molecules incorporated into reconstituted HDL was found to determine the size and structure of the reassembled particle (9, 31) . Moreover, reconstitution could be accomplished when discoidal ApoA-I was incubated in the presence of LCAT and LDL. The resulting product was a spherical particle with a diameter of 93 Å containing 3 molecules of apoA-I (32). This enzymatically based reassembly method has seen wide use, although contrary to native HDL that has a lipid core containing both cholesteryl esters and triglycerides, the lipid core of these reconstituted particles contains only cholesteryl esters. Sparks et al. (33) prepared spherical particles by sonicating mixtures containing two molecules of apoA-I, phospholipids and varying ratios of cholesteryl esters and triglycerides. In that system, the triglyceride to cholesteryl esters ratio influenced the thermodynamic stability of the HDL particle. Moreover, the structure of apoA-I in spherical particles was found to differ from that in discs. Li et al. (34) using fluorescence resonance energy transfer (FRET) found that apoA-I in spherical particles, prepared with the LCAT method, had reduced intermolecular interactions and a more variable conformation. In contrast, other studies using circular dichroism and fluorescence spectroscopy (35) have shown that the apoA-I conformation is similar in both discs and spheres. Thus, it is apparent that understanding of the structural entities influencing the registry and conformational properties of apoA-I in spherical HDL still require more work in order to gain a better insight into the stabilizing role deriving from the interaction between core neutral lipids and the acyl chains of the phospholipids occupying the surface monolayer. A schematic representation of the relipidation steps leading to the formation of discoidal and spherical particles is shown in Fig. 3 . In Fig. 4 we show examples of discoidal and spherical HDL isolated from human subjects.
STRUCTURAL STUDIES ON HUMAN APOA-II
Lipid-free apoA-II Synthesized in a prepro form, the mature circulating apoA-II is the second main constitutive component of HDL, representing ϳ20% by weight of the HDL protein (12) ( Table 2) . Each homodimer has a molecular weight of 17,400, consisting of two identical polypeptide chains of 77 amino acid residues covalently linked by a single disulfide bond located at position 6 from the amino acid terminus (12, 36) . The apoA-II homodimer has been shown to undergo self-association in solution in a monomer-dimer-trimer mode (37) . On reduction, the resulting single chain self-associates according to a monomer-dimer-tetramer motif (38) also exhibited by the naturally occurring apoA-II monomer present in the plasma of rhesus monkeys (39) . Human apo A-II has a low free energy of unfolding, 0.82 kcal/mol, as measured by CD (40 form an open-ended structure (27, 30) ApoA-I in spherical particles, reconstitution studies Sonication approach: mixtures of apoA-I and lipids from whole HDL become incorporated into spherical reconstitute HDL where apoA-I is the determinant of particle size and structure (9, 31) Enzymatic (LCAT) approach: upon incubation with LCAT, discs become spherical HDL where the newly formed cholesteryl esters in the core increase the thermodynamic stability of the particle (33) apoAII have shown amphipathic helices that aggregate into tetramers held together by the hydrophobic patches within the helices. Of note, ApoA-II is also dimeric in the chimpanzee (42) but monomeric in the rhesus monkey genus Macaca due to the replacement of cysteine by serine in position 6 (43) and in the baboon (another species of Old World monkey). ApoA-II is also monomeric in New World monkeys such as the squirrel monkey and the cebus as well as in intermediate species such as the gibbon. However, pigs, dogs, and chickens contain negligible or no apoA-II in their plasma (44) . Thus, apoA-II does not appear to be essential in all animal species. Moreover, in humans it is unclear whether dimers and monomers have an equivalent modulating effect on the structure and biology of HDL and on lipoprotein metabolism in general.
ApoA-II in discoidal particles
Studies on the binding of apo A-II to lipids have received comparatively less attention than those on apo A-I. The high surface activity of apoA-II accounts for its high affinity for phospholipids to form discrete discoidal complexes. On lipid binding, the ␣-helical content of apoA-II increased from 33 to 69% (45) . Moreover, at the various lipid-to-protein ratios examined, all of the apoA-II was incorporated into the reconstituted particle due to the high free energy of stabilization of the protein secondary structure when associated with phospholipids (46) . Structural information on apoA-II in discoidal particles is limited to two independent investigations (41, 47) . Kumar et al. (41) crystallized apoA-II complexed with octyl glucoside, a lipid surrogate. The product retained the tetrameric stucture of lipid-free apoA-II, but the helices rather than the side-by-side packing were complexed with octyl glucoside resulting in a head-to-tail oligomerization into an irregular double-stranded array. The results of these crystallographic studies along with recent ones obtained from crosslinking experiments in systems containing apoA-II and POPC (47) have favored a model of a belt-like orientation of apoA-II around the lipid bilayer.
ApoA-II in spherical particles
Early work by Ritter and Scanu (48) showed that sonication of apoA-II with lipids extracted from HDL resulted in the formation of complexes having a broad density and size distribution in contrast to apoA-I that, under similar conditions, generated particles of a defined density and size. Of interest, although the lipid composition in the reassembled HDLs varied, the moles of apoA-II remained constant, 4/particle. This ratio has also been reported by Durbin and Jonas (49) in their studies dealing with 103 Å discoidal structures containing apoA-II, POPC, and cholesterol. Lagocki and Scanu (10) have shown that discrete spherical particles containing only apoA-II could be generated in a system in which apoA-II displaced the apoA-I present in canine HDL. The displacement of apoA-I by apoA-II resulted in the formation of lipoprotein particles containing 6 mol of apoA-II. 
STRUCTURAL STUDIES ON APOA-I AND APOA-II IN NATIVE AND RECONSTITUTED HDL
The protein moiety of the HDL isolated in the density range of 1.063-1.21 g/ml contains ϳ75% apoA-I and 25% apoA-II by weight. However, the protein of the pre-␤ discoidal particles characteristic of the early steps of the reverse cholesterol transport contains only apoA-I. ApoA-II is also absent from the large buoyant apoE-containing HDLs. These intriguing structural gaps in apoA-II particle affiliation have not been explained and raise questions about mechanisms controlling apoA-I and apoA-II distribution as a function of HDL particle size. In reconstitution studies, the mixing in vitro of two discoidal complexes, one containing apoA-I and the other apoA-II, in the presence of LCAT generated, via a fusion process, a spherical HDL in which the apoA-I/apoA-II molar ratio was 0.7:1, a range consistent with that seen in native HDL (50) . Early studies from this laboratory (9) have shown that sonication of apoHDL in the presence of turbid aqueous suspensions of lipids extracted from HDL, caused the formation of particles that resembled native HDL based on chemical, immunological, ultracentrifugal, circular dichroism, and electron microscopy criteria. In that study, when the two main apoHDL components apoA-I and apoA-II, isolated by Sepharose column chromatography (51, 52), were individually sonicated in the presence of whole HDL lipid extracts, in each case the particles formed floated in the density 1.063-1.21 g/ml range but differed in protein:lipid ratio and lipid core composition. Moreover, in the analytical ultracentrifuge, the reconstituted complex containing apoA-I exhibited a single symmetrical peak whereas the one containing apoA-II was broad and heterogeneous, a finding corroborated later by the reassembly experiments conducted by Ritter and Scanu (31, 48) . Overall, those results were taken to support the concept that, in the case of a spherical HDL, apoA-II by itself has no size determining capacity contrary to apoA-I, which retains its dominant structural role even in the presence of apoAII, at least within the range of the apoA-I/apoA-II molar ratios in native HDL. This result indicates that apoA-I and apoA-II can coexist at the HDL surface. In model systems, a salt bridge between these two apolipoproteins has been reported (53), but much more information is needed, particularly regarding the surface of naturally occurring HDL particles.
FUNCTIONAL CONSIDERATIONS ON THE ATHEROPROTECTIVE EFFECT OF APOA-I
ApoA-I is recognized to be an essential player in the early steps of macrophage reverse cholesterol transport (RCT), a process involved in the atheroprotective role of HDL. This notion has been supported by studies of apoA-I deficient mice, which exhibited more atherosclerosis than their controls (54) and the opposite protective effect observed in transgenic mice overexpressing apoA-I (55). Moreover, in human subjects with acute coronary syndrome, a short-term infusion of a recombinant apoA-I Milano (a dimeric mutant) complexed with phospholipids caused a significant reduction in coronary atheroma volume (56) . Further support comes from the studies of mimetic peptides representing analogs of the phospholipid binding class A amphipathic ␣ helical motif that is present in naturally occurring human apoA-I (57). The mimetic approach is not new. In 1979 a synthetic amphipathic helical docosapeptide was shown to have similar surface properties to that of apoA-I (58) and to activate LCAT (59) . Currently, the most extensively studied among the apoA-I mimetics has been peptide D-4F composed of 18 d-amino acids designed to resist degradation by the intestinal peptidases and also permitting administration by the oral route (60) . D-4F has the capacity to bind fatty acid hydroperoxides and proinflammatory oxidized phospholipids, processes that play a role in the antiinflammatory and atheroprotective function of HDL. In this respect, mice and monkey models given D-4F orally have been shown to undergo a marked decrease in the experimentally induced atherosclerotic lesions (61) . From the mechanistic viewpoint, in the apo E-null mouse model, D-4F was found to cause a redistribution of apoA-I from ␣ migrating to small size (7 to 8 nm) pre-␤ migrating HDL enriched in active paraoxonase (62) , probably via combined displacement and remodeling processes. These newly formed particles exhibited antiinflammatory properties, reduced lipoprotein lipid peroxides, and also increased cholesterol efflux from cholesterol-loaded macrophages, all antiatherogenic mechanisms. D-4F has also been found to be favorably operative in inflammatory disorders other than atherosclerosis. Moreover, the studies have moved from the preclinical to the clinical phase where a single oral dose of the peptide was proven to be safe in patients with a high risk for cardiovascular disease and has encouraged long-term studies in order to assess antiatherogenic efficiency with an emphasis on monitoring the inflammatory index based on the ability of the peptide to inhibit LDL-induced monocyte chemotactic activity, which is related to the production of monocyte chemoattractant-1 (MCP-1) (60).
Irrespective of the long-term clinical outcomes that must be viewed with uncertainty at this time, the results obtained thus far with peptide D-4F, or others of this kind, are relevant to the understanding of lipoprotein metabolism in general. First, administered peptides designed to be antiinflammatory can reach the circulation, associate with mature HDL particles, and retain antiinflammatory properties. Second, this association causes HDL remodeling and the formation of small pre-␤ migrating particles containing apoA-I, but not apoA-II, enriched in paraoxonase, thus having antiinflammatory and antiatherogenic properties. This indicates that pre-␤ particles are not exclusive of the early steps of the RCT process. Also, as a consequence of remodeling, the mature HDL, by losing some of its apoA-I component becomes enriched in apoA-II and impoverished in paraoxonase given the antagonistic action of apoA-II for this enzyme. This change in apoA-I to apoA-II ratio would be proportional to the degree of apoA-I displacement and it would be expected to be associated with changes in the biological properties of the modified HDL either in a pro-or antiatherogenic mode. Studies in this direction ought to be forthcoming given our current inadequate knowledge about the role of apoA-II in lipoprotein metabolism and atherogenesis (see below).
FUNCTIONAL PROPERTIES OF APOA-II RELATED TO LIPOPROTEIN METABOLISM AND ATHEROGENESIS
Much of the current information on this subject has been derived from the study of genetically modified mice as summarized in a recent review (63) . The early work by Weng et al. (64) conducted in apoA-II knockout mice showed a dramatic decrease in plasma HDL cholesterol associated with a rapid clearance of remnant particles, suggesting an important role of apoA-II in triglyceride metabolism. In keeping with these results were subsequent studies showing that transgenic mice overexpressing mouse apoA-II have elevated plasma levels of triglycerides and free fatty acids in addition to a decrease in triglyceride hydrolysis (65) . This view is further corroborated by recent observations in mice in which an increased expression of apoA-II caused an acute inhibitory effect on the hydrolysis of VLDL and chylomicron triglycerides, which suggests that in acquiring apoA-II from circulating HDL that acts as a reservoir, triglyceride-rich particles become a poor substrate for lipoprotein lipase (66) . This conclusion has received further support from in vitro studies showing that apoA-II can transfer from HDL to VLDL. All of these observations have been related to the pathogenesis of insulin resistance, adiposity, diabetes, and metabolic syndrome, which are all conditions associated with cardiovascular pathology. While these findings are important from the viewpoint of mouse pathology, they may not necessarily apply to humans given the important differences in lipoprotein metabolism between these two species. For instance, LDL is the main cholesterol transporter in humans, whereas in mice, HDL serves this function. Moreover, CETP is present in humans but not in mice, and the susceptibility to atherogenesis is also markedly different between these two species. In mouse models expressing either monomeric mouse apoA-II or dimeric human apoA-II, marked differences were found in the in vivo effect between these two apolipoprotein species, attributed not to monomer-dimer considerations, but to sequence differences between the two (67). Nonetheless, like mouse models, studies in humans have implicated the apoA-II gene in visceral fat accumulation and metabolism of triglyceride-rich particles and related to the expression of a Ϫ265T/C polymorphism in the promoter region (68) . The presence of the Ϫ265C allele has also been associated with decreased plasma levels of apoA-II, in association with a decreased waist circumference particularly in middle-aged healthy subjects, to an enhancement in the postprandial metabolism of large VLDLs and more recently, to anomalies in food consumption as in obesity (69) .
PROTEOMICS OF HDL
Proteomic studies that have been conducted recently in various laboratories (see review in ref. 70 ) exemplify the growing interest originating from clinical observations on the atheroprotective properties of HDL. What is emerging is that the HDL proteome contains, in addition to the previously recognized quantitatively "minor" apolipoproteins, enzymes, and transport proteins relevant to lipid metabolism and many others that are not in the lipid area but are involved in the processes of acute-phase response, proteinase inhibition, and complement regulation. The presence of small peptides and fragments of yet unknown function has also been reported (71) . This unsuspected array of HDL-associated proteins with a marked diversity in biological function has opened new avenues of investigations that may provide a better understanding of the role played by HDL in atherogenesis and inflammatory processes in general and help identify novel biomarkers of cardiovascular disease. It must be stressed, however, that proteomic studies are still in their infancy and generalizations suffer from the heterogeneity of subjects studied, standardization of the methods of lipoprotein isolation from the plasma, species of HDL analyzed, and mass spectroscopic methods used. Verification of the reported HDL-associated elements by other procedures is in order and so is their mode of association to the particle surface. Functionality issues also need to be resolved as well as how many of these proteins are specifically associated with HDL and how many with apo B100-containing lipoproteins. A concern must also be raised about using procedures for lipoprotein isolation based on density gradient ultracentrifugation in high-salt media containing KBr or NaBr since these salts may cause either a total or a partial dissociation of some associated elements from the HDL surface. In this respect, a recent report has shown that for raising plasma density, D 2 O is to be preferred over salts (72) . From the above, it is apparent that studies should not be confined to ultracentrifugally isolated HDL but run in parallel with samples separated by alternative procedures such as column chromatography. Despite these shortcomings, proteomics have added a new dimension to the studies of HDL by uncovering a host of bioactive proteins and peptides that may be using the HDL surface as a platform and hypotheses deserving exploration. Moreover, proteomics should find a major application in the study of the proatherogenic posttranslational modifications of apolipoproteins like apoA-I and apoA-II by studying the HDL particles isolated from the plasma of subjects with chronic inflammatory condition, metabolic syndrome, diabetes, or chronic renal disease (see below).
HDL AND BIOACTIVE LIPIDS
For a number of years, phosphatidylcholine and sphingomyelin have been recognized as the major components of the HDL surface along with minor amounts of phosphoglycerols, phosphatidylserine, phosphatidylethanolamine, and phosphatidylinositol. Later, several other classes of glycosphingolipids have been described, namely glucosylceramides, galactosylceramides, and lactosylceramides, sulfatides, gangliosides, and globosides (73, 74) . The discovery in HDL of a soluble phospholipase A 2 was followed by the identification of phospholipid lysoderivatives (75) (76) (77) . Subsequently, another lysosphingolipid, sphingosine 1 phosphate (S1P), was discovered and found to be mostly carried by HDL and also positively correlated with HDL-C, apoA-I, and apoA-II levels (78) . Consequently, HDLassociated S1P is now considered as the primary determinant of S1P concentration in the plasma.
Until recently, the source of S1P in the blood was uncertain. Sphingosine kinase, the enzyme that phosphorylates sphingosine to produce S1P, is expressed in platelets (79) as well as in a variety of peripheral blood cells, including erythrocytes, neutrophils, and mononuclear cells (80) . Platelets store and release large amounts of S1P on stimulation by thrombin or calcium (79, 81, 82) , but several recent studies have established that erythrocytes are the principal source of plasma S1P (83) (84) (85) . Of note, erythrocytes cannot produce sphingosine and also display relatively low levels of sphingosine kinase activity (84) . In addition, they efficiently convert exogenous sphingosine to S1P. The fact that erythrocytes lack S1P-degrading enzymes (e.g., sphingosine lyase and S1P phosphatase) permits them to accumulate large amounts of S1P (84, 85) . The mechanism underlying SIP efflux from erythrocytes to HDL has not been clearly established, but it may involve the ATP-binding cassette transporters that are expressed in these cells. While the association with HDL appears to be dependent for the atheroprotective effect of SIP, it is still unclear whether this effect is also dependent on HDL speciation and by the apoA-I to apoA-II ratio. In this respect a recent report has shown that S1P is enriched in the small, dense HDL 3 particles containing apoA-I that are viewed as having the most atheroprotective potential. Regarding signaling events, several have been proposed acting on endothelial cells, macrophages, vascular smooth muscle cells, and Tcells (see review, ref. 86) . While recognizing the importance of the reported functional studies, it must be noted that on the structural level much remains to be determined regarding elements in HDL that are required for S1P bioactivity.
Oxidized phospholipids (ox-PL) also contribute to the HDL pathobiology. An excellent review on this subject has recently appeared (87) . Phospholipids contain polyunsaturated fatty acids that undergo ready peroxidation. Ox-PL are involved in cellular signaling, implicated in a variety of inflammatory processes and also implicated in atherogenesis. Plasma levels of ox-PC have been found to be associated with an increased risk for cardiovascular disease. Ox-PL in the plasma are mainly associated with apoB100-containing lipoproteins inclusive of Lp(a), an LDL variant. The role that HDL plays in ox-PC metabolism is unclear but it is expected to be favorable given the antiinflammatory potential of HDL. Along these lines, Gharavi et al. (88) have reported that HDL inhibits the proinflammatory pathway induced in human endothelial cells by ox-PL signaling, perhaps by decreasing the generation of superoxides. This would represent an additional mechanism in favor of the atheroprotective action of HDL.
HDL IN PATHOLOGICAL STATES: FROM ATHEROPROTECTIVE TO PROATHEROGENIC. EMPHASIS ON POST-TRANSLATIONAL MODIFICATIONS
A number of studies have provided evidence that HDL undergoes post-translational changes that can affect its atheroprotective profile; for review see (89) . Hypochlorite (HOCl), either by itself or generated from the myeloperoxide (MPO)-H 2 O 2 -chloride system, has been shown to target apoA-I and to preferentially chlorinate tyrosine 192 and also nitrate the same residue. Moreover, HOCl converts each of the three methionine residues 86, 112, and 148 to methionine sulfoxide. An HOCl-generated conversion of tryptophan to hydroxy-and dihydroxytryptophan was also observed along with a nitrosylation of this amino acid residue induced by nitrogen species.
The most important consequence of these structural modifications has been the inability of the modified apoA-I species to interact with the ATP-binding cassette transporter ABCA1 (90) , thus impairing the reverse cholesterol transport system. Moreover, the HOCl-induced modifications affect the ability of apoA-I to bind lipids and impairs the formation of stable discoidal and spherical HDL in vitro (91) . As anticipated, the extent of the observed structural modifications has been dependent on the degree of oxidative damage. These observations in vitro and in cell culture systems have relevance to human pathology since the modified forms of apoA-I have been shown to be present in circulating HDL in subjects with atherosclerotic cardiovascular disease as well as in the plaques of the artery wall (92, 93) .
Another clinical situation leading to a dysfunctional apoA-I is diabetes mellitus. In this case the lysine residues of apoA-I are involved in the process of nonenzymatic glycation, the first step by which absorbed sugars go through a series of very slow reactions leading to the formation of advanced glycation end products (AGE). AGE-modified-apoA-I was found to significantly impair cholesterol efflux from human macrophages in culture, a process that was reversed by agents inhibiting AGE forms (94) .
While all of the above studies strengthen the notion that apoA-I is the key molecule involved in many of the physiological functions of HDL, observations must be extended to ApoA-II, based on the evidence that it may have a modulatory action on apoA-I function and that apoA-II can undergo oxidative changes of two of the three methionine residues (95) . Thus, it is apparent that in abnormal situations the pathobiological potential of HDL cannot be based just on plasma concentrations but requires the definition of particle quality, in which mass spectroscopy technology will play an increasingly important role.
CONCLUSIONS
For a number of years, HDL has been identified as serving an atheroprotective role by promoting reverse cholesterol transport, a process facilitating the efflux of cholesterol from cholesterol-loaded macrophages in the artery wall. This notion has been in keeping with the information derived from epidemiological studies indicating an inverse relationship between low plasma HDL cholesterol levels and coronary disease. Subsequent structural-functional studies have drawn attention to the critical role played by the unique helical make up of the two constitutive protein components of HDL, ApoA-I and ApoA-II. In particular, ApoA-I has been the most abundant and most extensively studied of the two, having besides its ready tendency to undergo delipidation/relipidation both in vitro and in vivo, the ability to interact with the ATP-binding cassette transporter ABC1 and the SR-B1 hepatic receptor as well as activate LCAT. Besides these lipid-related functions, apoA-I has gained increasing recognition for its antioxidant and antiinflammatory properties and even as a modulator of innate immunity. With the introduction of advanced MS techniques, quantitatively ϳ100 "minor" proteins, some related and some unrelated to lipoprotein metabolism, have been identified in addition to special HDL associated lysosphingolipids with an atheroprotective role. We have now come to view the various subclasses of HDL as "dynamic platforms" harboring at their surface, proteins/peptides, mobilized from tissues likely via the ubiquitous ATPbinding cassette transporters Fig. 5 . We have also come to recognize that in the presence of systemic inflamma- Figure 5 . HDL viewed as a platform for accepting proteins and peptides either related or unrelated to lipoprotein metabolism from various cells. Recent proteomic studies have uncovered the unsuspected presence in mature HDL of several quantitatively minor components that are involved in inflammation, complement regulation, innate immunity, and proteinase inhibition along with peptides and fragments, some with an unknown function. These new findings raise a number of questions regarding the pathobiology of HDL, the mode of association of these elements to the HDL surface, and the dependence of this association on their function. tory settings, apolipoproteins and lipids may lose their atheroprotective role so that, for instance, high plasma levels of HDL rather than protective may be proatherogenic. Conversely, low plasma levels such as in familial hypoalphalipoproteinemia, the loss of protectiveness will result in a proatherogenic profile. From the therapeutic viewpoint, we have seen the promising entry into the clinical arena of ApoA-I mimetic peptides properly designed to favor the redistribution of HDL into atheroprotective prebeta migrating species. Clearly, the HDL field is ripe for systems biology studies in which interdisciplinary approaches lead to a clarification of the many unknowns that still surround this complex lipoprotein class.
FUTURE DIRECTIONS
As expected, the wealth of new findings on HDL has opened new areas of exploration. One of them ought to be directed at gaining a better insight into apoA-II, a mysterious apolipoprotein still surrounded by uncertainties regarding its function either atheroprotective or proatherogenic. Moreover, better standardization of the techniques for HDL isolation and purification must be established to avoid confounders in the interpretation of MS data and also to permit meaningful comparisons among laboratories both in normal and pathological situations. It would also be critical to determine the nature of the interactions of the proteins/peptides associated with the HDL surface and the dependence that this association plays on their function. Of equal importance would be to compare in vivo samples from the same subject, the HDL proteome both in the plasma and the atheromatous plaque, in order to assess the effect that a different environmental condition may play on the stability and function of the chosen parameter. The promising results obtained with apoA-I mimetics should be expanded in order to generate additional ones patterned not only to amphipathic apoA-I but also to other apolipoproteins and nonapolipoprotein amphiphiles. Since therapy will be the ultimate target of these studies, the safety of the mimetic peptides must be assessed in suitable animal models. Finally, the lipid signaling field should benefit by the application of lipidomic techniques directed at the identification of new molecules isolated from HDL from physiological and pathological situations.
